In a study of 101 normal men and 102 normal women (mean age, 42.5 and 42.6 years, respectively), significant sex differences were observed in 43 of 64 vectorial items analyzed (initial 0.02-sec and 0.025-sec vectors, maximal QRS and T vectors, terminal 0.02-sec vectors in frontal, horizontal left sagittal planes; Q, R, S, and T deflections in Frank's X, Y, and Z leads). The initial QRS vectors are oriented more inferiorly and posteriorly in women than in men, the maximal QRS vectors more inferiorly, the terminal vectors more leftward and superiorly, the T vector more posteriorly and inferiorly. The QRS-T angle is smaller. There is a significant tendency to smaller magnitude of all planar vectors and Q, R, S, and T deflections (except Sy) in orthogonal leads in women, and a greater incidence of initial counterclockwise rotation in the frontal plane QRS loop. Thus, sex differences show up better in the VCG than in the ECG. Separate normal 95 percentile limits for men and women are presented for all items with significant sex differences and pooled limits for VCG items without significant differences.
Additional Indexing Words Frank I N conventional electrocardiography (ECG), significant sex differences of QRS and T amplitudes and of transitional zone location have been reported in normal subjects, necessitating separate normal standards for men and women.1-3 A thorough search of the large vectorcardiographic (VCG) literature failed to reveal investigations of sex differences. Logically, sex differences should be expected in the VCG, since VCG and ECG represent different displays of the same information. However, quantitative information was desirable to decide whether different normal standards are needed for men and women. Since in the absence of sex correction, false diagnosis of normality or abnormality may unavoidably occur, it is with this purpose that the present investigation was undertaken.
Methods
The group studied consisted of 101 normal men and 102 normal women who were employees of the Minneapolis Veterans Administration Hospital. Each subject was considered healthy on the basis of history and routine physical and laboratory examination. The age ranged from 20 to 61 years in the male group and from 19 to 67 years in the female. The average age of the men was 42.6 years; that of the women was 42.5 years. The groups had similar age distributions with the highest frequency in the forties.
Utilizing the Frank lead system,4 the three planar vectorcardiographic loops as well as the scalar orthogonal lead tracings were recorded on photographic paper by means of an Electronics for Medicine DR-8 recorder. All vectorcardiograms had standard sensitivity of 50 mm/i mv. The three orthogonal scalar tracings were simultaneously recorded at a gain of approximately 30 mm/i mv immediately after recording vectorcardiograms. In most cases the orthogonal leads were recorded at a paper speed of 200 mm/sec. Inf.
Figure 1
The 95 percentile ranges and means for the frontal planar vectors in normal 101 men and 102 women (Frank system ).
The following vectors were determined in each of the three projection planes: the maximal QRS and T vectors, the instantaneous QRS vectors at 0.02-and 0.025-sec after the onset of QRS loops and at 0.02-sec before the end of QRS loops (hereafter referred to as -0.02-sec vector). The determination of the vectors was manually made mainly from the loops. Since inaccuracies of timing originating from occasional haziness around the E point and slow velocity frequently seen in the loop segments involved were inherent in this method of determing instantaneous vectors, the determinations were checked with the scalar tracings such that all the three planar instantaneous vectors of the same timing coincided with one another in their Cartesian coordinates.
The measurements of vector angles in each plane were made with a frame of reference in which the right of the abscissa was taken as 0 degree, and the inferior and superior directions of the ordinate were + 90 and -90 degrees, Circulation, Volume XXXVII, March 1968 respectively. This reference frame possesses a numerical discontinuity point at ±+1800. In order to avoid unreasonable results, in the present study the 0-4-180 or 0 -3600 reference frame5 or a combination of both was arbitrarily selected for computation of means and standard deviations so that a discontinuity was avoided within the distribution range of angular data. The 0-360°frame was employed for the 0.02-and 0.025-sec vectors in the left sagittal plane, while combination of both reference frames was used in the terminal 0.02-sec vector in the frontal plane. The other results were calculated in the 0-180°frame. The procedure suggested by Downs and associates6 to treat angular data was used in addition to conventional algebraic means and standard deviations with the chisquare test of significance of clustering of angles.
Sense of rotation of planar QRS loops was classified into four groups. The cw (or ccw) group consists of an entirely or mainly clockwise (or counterclockwise) QRS loop. Figure- 
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The 95 percentile ranges and means for the 102 women (Frank system). loops which were inscribed initially clockwise and then counterclockwise were entered into the cw/ cww group, and vice versa in the ccw/ cw group.
Tne largest magnitude was selected from the three planar maximal vectors for each individual to be used as a magnitude approximation of the maximal spatial QRS or T vector. In the following text this will be called "the greatest maximal QRS or T vector." Magnitude ratios of the instantaneous initial and terminal QRS and the maximal T vectors to the maximal QRS vectors were calculated in each plane. Scalar components were determined for QRS and T waves in all leads with the polarities originally described by Frank.4 They as well as vector magnitudes were expressed in millivolts. Q/R, S/R, and T/R ratios were computed in each orthogonal lead.
Statistical tests7 of significance of mean sex differences were performed in each item considered as a continuous variable. Chi-square tests of significance of sex difference were done horizontal planar vectors in normal 101 men and on contingency tables for the sense of rotation of QRS loops. They were also performed on the frequency of appearance of Q and S waves in leads X and Y.
All calculations were made with use of a PDP-5 electronic computer (Digital Equipment Corporation) at the Department of Biophysics, University of Minnesota.
Results
The mean and standard deviation of each item are shown separately for both sexes in tables 1 through 4 and also in table 6. In items with significant sex differences, the 95 percentile ranges2 are given in figures 1 to 5 separately for each sex and in items with no significant differences, standard deviation (tables 1 to 4 and 6) and distribution range (figs. I to 5) for the pooled sample are shown.
The results of the vector angles are givenr in OC. 0.14 Note: The symbols (*P < 0.05, tP < 0.01, and 4P < 0.001) indicate the level of significance of sex difference. In items with significant differences in either means or variances or both, the 95 percentile range is given separately for each sex. In absence of significant differences, the range for the combined data is shown. The maximal QRS vector angle in the frontal plane showed a highly significant difference between the means with similar standard deviations. The mean difference of 100 indicates, in general, a more inferior direction of the vector in women than in men. In the other two planes the difference of means failed to show statistical significance. Both of the initial instantaneous QRS vectors in all planes revealed significant mean differences with the exception of the frontal 0.02-sec vector. The female group had a mean angle located more inferiorly and more posteriorly in the initial instantaneous vectors than the male, except the frontal 0.02-sec vector which showed no significant difference due to the large variances. The average angle of the terminal 0.02sec vector was located slightly more leftward in the horizontal plane and more inferiorly in the left sagittal plane in women, both planes showing a significant sex difference.
All vectors studied showed significant clustering with chi-square values of greater than critical (X2 0.05 = 6.00) except for the frontal terminal 0.02-sec vector in women. The latter vector was scattered so widely that no significance of clustering was obtained (x2 = 5.47, degree of freedom [DF] =2). Therefore, no results were entered for the vector in table 1 and figure 1. In all planes the maximal T vector showed a highly significant sex difference between the mean angles without any variance difference. In general, the orientation is more posterior and more inferior in women. Thus, a slightly posterior direction (limit -90) of the T vector is still considered to be normal in women.
There was no essential sex difference in the frontal QRS-T angle. In the other two planes the range for the angle was narrower mn women ( fig. 4) , with a significantly smaller mean in the left sagittal plane.
The vector magnitudes are shown in table 2 and figure 5. In half of the QRS items a sig- The 95 percentile ranges and means of vector magnitudes in the frontal, planes in normal 101 men and 102 women (Frank system Note: The symbols (*P <0.05, tP <0.01, and tP <0.001) indicate the level of significance of sex difference. In items with significant differences in either means or variances or both, the 95 percentile range is given separately for each sex. In absence of significant differences, the range for the combined data is shown. Table 3 shows the results for magnitude ratios of the instantaneous to the maximal QRS vectors as well as T/QRS ratios in each plane. In four of the ratios in the frontal and horizontal planes, significant differences of means were found. All four had a larger mean ratio in women.
The data for the largest maximal QRS and T vectors are given in table 4 . Both of the average magnitudes were smaller at a high level of significance in women while the ratio between the largest vectors for QRS and T loops showed identical results.
Sense of rotation of QRS loops is summarized in table 5. Every variety of rotation was seen in the frontal plane, but the frequency other than counterclockwise inscription was practically zero in the other two planes. Chisquare tests would yield an inaccurate result when applied to a contingency table having an observed frequency less than 5, even with use of Yates' correction. Therefore, they were not performed on the horizontal and left sagittal data.
Comparing the sex distribution of the sense of frontal plane QRS rotation in pooled samples, ccw plus ccw/cw (20 men, 33 women), versus cw plus cw/ccw (81 men, 69 women), a chi-square value of 4.14 with DF of 1 was obtained, that is, a significant sex difference (P = 0.05). This indicates that the initial segment of the frontal QRS loop is more frequently inscribed counterclockwise in women than in men.
Data for scalar tracings are presented in table 6 . In lead X, 86 men and 75 women had an S wave. The chi-square test gave a significant difference between the occurrence of the S wave in both sexes (X2 = 4.18, DF = 1, P < 0.05). The appearance of the S wave in lead Y (54 men and 70 women) was also found significantly different (X2 4.91, DF = 1, P < 0.05). On the other hand, neither Qx nor Qy differed significantly in the incidence (QX:X2=0.80, DF=1; and Qy:x2= 0.71, DF = 1).
The mean amplitudes of R and S waves observed in lead X as well as Q and R waves in lead Z were smaller in women at a high significance level with the same results for T waves in both leads. In lead Y both groups showed similar mean amplitudes for R and T waves with a significantly larger mean of S wave depth in women.
No sex difference was observed in the mean values and variances for ratios in all leads except for Q/R ratios in lead Y which were significantly smaller in women. 
Discussion
The results revealed that women had, on the average, smaller QRS and T loops than men. The maximal QRS and T vectors showed a striking difference in magnitude. The greatest maximal vector of a loop could be used as an approximation of the spatial maximal vector magnitude of the loop with the relative error no greater than 3 2 0.18. The spatial \i 3 T/ QRS ratio may be approximated by the magnitude ratio between the greatest maximal vectors for T and QRS loops.8 Consequently, data in table 4 suggest that women have, in general, smaller spatial maximal QRS and T vectors than men, their magnitude relationship being constant. However, the left sagittal maximal QRS and the frontal maximal T vectors failed to show significant sex differences in their magnitudes. This may be explained by the positional effect of the spatial QRS and T loops. Simonson and associates' observed that mean amplitudes of R, S, and T waves particularly in precordial leads were significantly smaller in women than in men. This corresponds with the smaller magnitude observed in women of all horizontal plane vectors except the terminal 0.02-sec vector.
The maximal T vector angle is one of the items in which the most significant sex dif-Circulation, Volume XXXVII, March 1968 ferences were observed. general, directed more inferiorly in each plane In women it was, in posteriorly or more than in men. Scalar analysis indicates that the differences in the frontal and left sagittal planes are due to the fact that women have significantly smaller leftward and anterior components than men but have an inferior component identical to that of men. The percentage of the mean difference to the male average was 25.1% for Tx, 2.0% for Ty, and 54.5% for Tz. The directional difference in the horizontal plane is ascribed to the results that the anteroposterior component had a larger sex difference than the leftward component. The more posterior orientation of the T vector in women may be inferred from an electrocardiographic observation' of more marked sex differences in leads V2 and V3 than in the left precordial leads with a negative mean for women and a positive value for men in lead Vl. It may be also consistent with Mizuno's finding3 that Japanese women had higher incidences of negative T waves in leads V1 through V3 than men, although there may be racial differences in electrocardiograms.
It is of diagnostic importance to notice the directional sex differences in the initial instantaneous QRS vectors. They were found to be more posterior or more inferior in women than in men, and the 0.025-sec vector tended to show more significant sex differences than the 0.02-sec vector. In view of the more frequent occurrence and the larger mean amplitudes for Sx in men and for Sy in women, it is interesting to know that the terminal (-0.02-sec) vector tends to be directed more rightward as well as more inferior in men than in women.
In the absence of significant clustering by means of the chi-square test, the frontal termninal (-0.02-sec) vector angle in women is considered to be of no diagnostic importance and needs no further statistical analysis. On the other hand this vector in men had a significant clustering at the level of significance of 5%. This may indicate the presence of a significant difference between the vector angles of men and women. In several papers published, some angular data were replaced by a comment of "wide scatter." In this situation the chi-square test may provide a decisive clue.
Conclusion
The significant sex differences observed in most of the vectorcardiographic parameters are of potential importance for diagnostic application. The smaller vector magnitude of women cannot be ignored for interpretation of left ventricular hypertrophy. Use of male (or mixed population) standards for initial QRS vectors will increase the number of false diagnoses of anterior myocardial infarction, while superior displacement of initial QRS vectors is diagnostically more significant in women. The smaller maximal QRS-T angle in women must be considered in the recognition of ventricular ischemia and the more posterior orientation of the maximal T vector may be occasionally of importance for diagnosis of isolated T abnormalities. Separate normal standards (95 percentile limits) therefore are needed for men and women for the majority of VCG items. These standards presented herein should contribute to improving the diagnostic separation.
